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(54) Translucent high-Temperature powder coatings 

(57) Coating powders are provided which provide 
high-temperature, translucent coatings useful for light- 
emitting devices such as incandescent bulbs. The coat- 
ing powders comprise a binder, at least 90 wt% up to 
100 wt% of which is a silicone resin, the coating pow- 
ders are filled with 10 to 50 phr of f fliers selected from 
needlelike calcium metasilicate. mica, rod-like glass 
particles, and mixtures thereof, the fillers having aspect 
ratios between 8 and 40. 
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Description 

[0001 1 Ihe present invention is directed to coating powders which produce translucent coatings particularly suita- 
ble for coating light*emitting devices, such as incandescent light bulbs. 

Background of the Invention 

[0002] High-temperature, light-emitting devices, such as incandescent light bulbs are conventionally coated for 
translucency with liquid coatings comprising silicone resins in organic solvents. There is a general need to replace such 
hazardous and polluting coatings with rion-hazardous and non-polluting powder coatings. 

[0003] Powder coating compositions which yield transparent or translucent coatings are well known in the art. Typ- 
ical organic binder materials for such coatings are epcocy. polyester, and acrylic resins. Unfortunately coatings based 
on these organic binder systems darken and decompose upon prolonged exposure at typical incandescent operating 
temperatures of 300 to 700*F (149 to 371 *»C) and thus are not useful for light-emitting devices. Coatings containing 
blends of silicones and significant levels of organic binders, such as those disclosed in U.S. patents nos 5.684,066 to 
EWund and 4,877.837 to Reisling also discolor and similarly are not useful for light-emitting devices. 
[0004] Coating powders based totally on silicone resins or substantially entirely on silicone resins are known. For 
exanple. Daly et at. in U.S. Patent No 6.422,396 disclose in a "comparative example" a 100% silicone resin based on 
Dow Corning 6-2230 silicone resin. The "conparative example" formulation in Daley et al. contained 80 phr (parts per 
hundred resin by weight) mica. Although silicone4>ased powder coatings having as low as 40 phr mica or other rein- 
Ibrcing filler have been described, higher levels such as 60 phr and upward are generally used in high-temperature 
coatings. Below about 60 phr filler levels, coatings tend to be insufficiently reinforced for high-temperature use as such 
coatings tend to crack and peal at high temperatures. 

[0005] Silicone coatings containing 60 to 80 phr and upward filler, such as mica and/or wollastonite (calcium meta- 
silicate) are resistant to cracking and peeling at high temperatures. However, such fillers contribute to opacity and yel- 
lowing of the coatings, and filler levels of 60 phr give coatings which are too rough and too opaque to be generally useful 
for light-emitting devices. 

[0006] It is a general object of the invention to provide coating powders for producing translucent coatings on high- 
temperature substrates, such as light-emitting devices including incandescent bulbs. 



Rummarv o f ihe Invention 

[0007] In accordance with the invention there are provided coating powders which provide high-temperature, trans- 
lucent coatings useful for light-emitting devices such as incandescent bulbs. The coating powders comprise a binder, 
at least 90 wt%, preferably at least 95 wt% up to 100 wt% of which Is a silicone resin. The coating powders are filled 
with between about 10 and about 50 phr. preferably between about 20 and about 40 phr, most preferably between about 
25 and about 35 phr of fill ers selected from the group consisting of needle-like calcium metasilicate. mica, rod-like glass 
particles, and mixtures thereof, the fillers having aspect ratios between about 8 and about 40. preferably between about 
10 and about 25. The high aspect ratio of the fillers provide high-temperature reinforcement to the coatings at use levels 
sufficiently low to provide sufficient light transmrttance for use with light-emitting devices. 

[0008] The invention provides light-emitting devices, such as glass incandescent bulbs, having coatings derived 
from silicone-based coating powders, such coatings providing light transmittance at 1 mil thicknesses of at least 50%, 
preferably at least 80%. 

[0009] "nie invention further provides coating powders having binders which are at least 90 wt% silicone, preteraoiy 
at least 95 wt% silicone and which contain between about 0.05 and about 3 phr of zinc dialkylcarkx)xylate wherein the 
alkylcarboxylate ligands contain between 6 and 20 cartx>n atoms. Preferably, the alkyicarboxylate ions are branched at 
the carbon alpha to the cartx)xy late group. Such a catalyst is zinc heodeconate. 



Detailed Description of Certain Preferred Embodiments 

[0010] Herein, unless othenwtee noted, percentages are by weight. The resins in the coating powders are calcu- 
lated at 100%, and other components are expressed as percentages relative to 1 00% resin. 

[001 1 ] Heretofore, fillers such as mica and calcium metasilicate used for high-temperature, silicone-based coatings 
had relatively low aspect ratios, e.g.. 5:1 and 3:1 being typical. The aspect ratio of needle-like wollastonite and rod-like 
glass particles are the ratio of length to w^dth or diameter. The aspect ratio of platelet-like mica particles is the ratio of 
the diameter to the thickness. In respect to aspect ratios, it is understood that these are average aspect ratios of the 
individual particles. Surprisingly, it is found that by using fillers with higher aspect ratios, enhanced high-temperature 
reinforcement if provided at lower filler use levels. High aspect ratio needle-like cateium metasilicate. rod-like glass par- 
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tides, and mica, at use levels in the 10 to 50 phr. provide sufficient translucency to be usedlbr coating light-enfiitting 
devices, particularly incandescent bulbs. 

[0012] Coatings on incandescent bulbs formed from the coating powders of the present invention are typically 
about 1 mi! (25 miaons) tfiick. but may range from 0.5 to 2 microns thick. As a standard, therefore, at 1 mil thickness, 
the coatings formed from tiie coating powders of the present invention should provide at least 50 % light transmittance, 
preferably at least 80 % light transmittance. although for the thinner coatings it may be possible to use more opaque 
coatings. The fillers allow sufficient light transmittance but do impart some translucency. For un-colored coatings, the 
coating powders of the present invention should provide at least 80% light transmittance at 1 mil thickness. Colored 
coatings containing high-temperature stable pigments will transmit less light, depending upon the type and amount of 

pigment. . ^ 

[GDI 31 Silicone resins self cure by the condensation of siloxyl (SiOH) end groups of silicone resins by the reaction: 

2 Si-OH ffl^lISL Si-O-Si + HgO 

Accordingly, the binder resin may be 100 wt% silicone without additional cross-linking agent. Silicone/glycidyl methacr- 
ylate coatings are described In Reisling (U.S. Patent No. 4,887.837) and EWund (U.S. Patent No. 5.684.066) and sili- 
cone/acid-functional acrylic /triglyckJyl isocyanurate compositions are described in Daly et al. (U.S. Patent No. 
5.422.396). The teachings of each of these patents is incorporated herein by reference. Organic resins in addition to 
the silicone resins are permissible in the coating powders of the present invention, providing such organic resins do not 
comprise more than 10 wt% of tiie binder system preferafc>ly no more than about 5 wl% of the binder system so as to 
minimize yellowing of the coating over time witii high-temperatijre exposure. Such non-silicone resins include cross- 
linking agents such as those described above in U.S. Patents 5.684.066 and 5.422,396 and resins added for purposes 
such as flow control, gas release, etc. . 

[0014] Preferred silicone resins have organic substitutents selected from the group consisting of phenyl, methyl, C2 
through Ce alkyi and mixtures thereof. Preferred silicone resins have viscosities of between about 500 and about 10,000 
cps at 150"C. most pref^at>ly 2000 to 5000 cps. The preferred silicone resins have condenseable hydrocyl contents of 
between about 2 and about 4.5 wt%. preferably from about 2 to about 3 wt. %. Preferred silicone resins have glass tran- 
sition tenperatures (Tg) of about 55«C or above, preferably about 60°C or above. Prefen-ed silicone resins contain 
atx>ut 0.2% or less of organic solvents, more preferably about 0.1% or less. 

[0015] Coating powders in accordance with the present invention are fbmied in a conventional manner. The com- 
ponents of the coating powder are batched and shaken. e.g., for 5 minutes, to blend well. The materials are then 
extruded. e.g., at 100*»C (230'^F) in a Buss single screw extruder, allowed to cool, chipped, ground and screened to 
obtain a powder of appropriate size. Average particle size is typically 20-80 microns. Scalping at 100 mesh is typical to 
remove coarse particles. There is typically about 10% by weight of particles below 10 microns. The amount of material 
retained on a 325 mesh is typteally between about 30 to 50 wt. %. The powder is ttien applied in a conventional manner, 
e.g.. electrostatically, to a substrate. The substrate is heated at the time of application and/or subsequentiy so that the 
coating particles form a continuous film, and, especially in ttie case of isocyanate-cured silicone resin adducts, effect 
the cure. 

[001 6] The invention will now t>e discussed in greater detail by way of specific examples. 



Raw Materials: 



[0017] 

Morkote S-101 A hydroxy-functional phenylmethylpolysiloxane resin manufactured by Morton International. 

This resin has a reactive hydroxyl content of approximately 2.3%. a viscosity at 150*'C of 2700 cP and a Tg of 6 

Silres 601 A hydroxy-functfonal phenylpolysiloxane resin sold by Wacker Silicones. 

GMA300 An epoxy-functional acrylic sold by Estron Chemical. 

Zinc Acetvlacetonate A hydrated zinc enolate sold by GCA Chemical. 

Zinc Neodecanoate A zinc alkylcartx)xylate sold by OMQ Americas. 

Zinc Stearate Sold by Smith Chemical and Color. 

fslyad325 A 325 mesh wdlastonite sold by Eastech Chemicals. 

Orleans 325 A 325 mesh wdlastonite sold by Ressources Orleans Inc. 

Orleans 1 A 100 mesh wollastonite sold by Ressources Orleans Inc. 

737 BC A chopped glass fiber sold by Owens Corning. 

C-3000 Mica A muscovite mica sold by Eastech Chemicals. 

Troy 486-CFL An acrylic flow aid sold by Troy Chemical Corp. 
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Comparative Example 1 

[0018] This comparative example illustrates a basic silicone binder system composed of heat-curable silicone res- 
ins with no curing agent or filler. The coating is smooth and nearly transparent, but is not useful as a coating because 

5 it IS easily cracked by mechanical damage or heat exposure. 

[001 9] The components listed under Comparative Example 1 in Table 1 below were compounded, chilled, chipped, 
ground and sieved through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was elec- 
trostatically sprayed onto the following substrates: 0.032 inch-thick mild steel panels "Q" panels. 0.01 1 inch thick black 
and white "opacity" panels, and 0.039 inch thick soft glass slides. The coating was cured in a 450**F oven for 1 5 minutes. 

10 Properties and performance were measured on coatings which were 0.8 to 1.2 mils tiiick. Mechanical properties were 
measured on "Q" panels, color was measured on black and white "opacity" panels, and crack resistance over glass was 
measured on glass slides. Results are recorded in Table 2 below. 



Comparative Example 2 



[0020] This example illustrates the performance of a coating which is not useful as a translucent high temperature 
coating because it contains 10 parts of an acrylic curing agent. When exposed to 500»F for 16 hours, the coating dark- 
ened (AL= -3.6), and cracked. Exposure at 600*F gave more darkening (AU: -6.8) and cracking. 
[0021] The components listed under Comparative Exanrple 2 in Table 1 were compounded, chilled, chipped. 
20 ground and sieved ttirough a 200 mesh screen in tiie usual manner to prepare a coating powder. This powder was elec- 
trostatically sprayed onto the various substrates, cured in a 450*F oven for 15 minutes and tested as in Comparative 
Example 1. Results are recorded in Table 2. 



Comparative Example 3 

[0022] This exanple illustrates the performance of a coating which contains 60 pans of reinforcing filler, a filler 
quantity which is beyond tiiat generally useful for translucent coatings. The high filler level produced a color difference 
from the unfilled control of AE=6.5. The coating was severely textured, with a 60^ gloss of 19. 
[0023] The components listed under Conrparative Example 3 in Table 1 were compounded, chilled, chipped. 
30 ground and sieved trough a 200 mesh screen in tiie usual manner to prepare a coating powder. This powder was elec- 
trostatically sprayed onto the various substrates, cured in a 450'F oven for 15 minutes and tested as in Comparative 
Example 1. Results are recorded in Table 2. 

Comparative Example 4 

35 

[0024] This example discloses the performance of a coating which contains no reinforcing filler, but which is cured 
witti zinc neodecanoate. It shows tiie smoothness and lack of bubbles and pinholes typical of zinc neodecanoate coat- 
ings, as well as ttie susceptibility to cracking on heat exposure of coatings containing no reinforcing filler. It was used 
as the color standard against which otiier coatings were compared. In contrast to tiie uncatalyzed coating, when tested 
40 for 16 hours at 500**F, cracking was not observed. When tested 16 hours at 600**F, however, large continuous cracks 

formed. ^ u- ^ 

[0025] The components listed under Comparative Example 4 in Table 1 were compounded, chilled, chipped, 
ground and sieved tiirough a 200 mesh screen in the usual manner to prepare a coating powder. This powder was elec- 
trostatically sprayed onto the various substrates, cured in a 450**F oven for 15 minutes and tested as in Comparative 
45 Example 1. Results are recorded in Table 2. 



Example 1 

[0026] This example discloses the performance of a coating which contains 10 parts of reinforcing filler. As 
so expected, the presence of tiie mica filler added color to tiie coating, a total color difference from the unfilled coating (AE) 
of 2.8. The coating became more textured, as evidenced by a reduction of the 60° gloss from 104 to 86. No cracking 
was observed at 500«R Cracks from eoo^'F testing shrank to typical lengths of 0.1 to 0.3 mm and became discontinu- 
ous. 

[0027] The corrponents listed under Example 1 in Table 1 were compounded, chilled, chipped, ground and sieved 
ss tiirough a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450°F oven for 1 5 minutes and tested as in Conparative Example 1 . Results are 
recorded in Table 2. 
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[0028] This example discloses the performance of a coating which contains 25 parts off reinforcing filler. As 
expected, the presence of the mica filler added color to the coating. AE=4.3 . The coating became more textured, as 
5 evidenced by a reduction of the 60*» gloss to 68. Cracks from 600*^ testing shrank further to typical lengths of 0.02 to 0.1 
mm. 

[0029] The components listed under Example 2 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*»F oven for 15 minutes and tested as in Comparative Example 1. Results are 
10 recorded in Tatrfe 2. 

Example 3 

[0030] This example discloses the performance of a coating which contains 40 parts of reinforcing filler. The addi- 
15 tional mica added color to the coating. AE=7,1 . The coating became more textured, as evidenced by a reduction of the 
60** gloss to 57. Cracks disappeared from ttie eoO'' test specimens entirely 

[0031] The components listed under Example 3 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
20 recorded in Table 2. 

Comparative Example 5 

[0032] This example discloses the performance of a coating which contains 25 parts of a wollastonite reinforcing 
25 met having a typical aspect ratio of 5 to 1 . This filler caused a minimal color change from the unfilled system of AE=1 .4. 
Cracks after eOO^'F testing were discontinuous but relatively large at lengths of 1 - 10 mm. 

[0033] The components listed under Comparative Example 5 in Table 1 were compounded, chilled, chipped, 
ground and sieved tiirough a 200 mesh screen in tine usual manner to prepare a coating powder. This powder was elec- 
trostatically sprayed onto the various substrates, cured in a 450*F oven for 15 minutes and tested as in Comparative 
30 Example 1 . Results are recorded in Table 2. 

Example 5 

[0034] This example discloses the performance of a coating which contains 25 parts of a wollastonite reinforcing 
35 filler having a typical aspect ratio of 10 to 1. This filler caused a minimal color change from the unfilled system of 
AE=0.6. Cracks after 600°F testing were very small and few. 

[0035] The components listed under Example 5 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*'F oven for 15 minutes and tested as in Comparative Example 1. Results are 
40 recorded in Tatiie 2. 

Example 6 

[0036] This example discloses the performance of a coating which contains 26 parts of a wollastonite reinforcing 
45 filler having an aspect ratio of 20 to 1 . This filler caused a minimal color change from the unfilled system of AE=1.4. 
Cracks after 600**F testing were smail and discontinuous. 

[0037] The components listed under Example 6 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh saeen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*»F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
so recorded in Table 2. 

Example 7 

[0038] This example discloses the performance of a coating which contains 10 parts of a wollastonite reinforcing 
55 filler having an aspect ratio of 20 to 1 . This filler caused a minimal color change from the unfilled system of AE=0.9. 
Cracks after 600'F testing were of moderate size and discontinuous. 

[0039] The components listed under Example 7 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
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onto the various substrates, cured in a A50^F oven for 1 5 minutes and tested as in Comparative Example t. Results are 
recorded in Table 2. 



[0040] This example discloses the performance of a coating which contains 25 parts of a glass fiber reinforcing filler 
having an aspect ratio of 10 to 1 . This filler caused a minimal color change from the unfilled system of AE= 0.6. Cracks 
after 600**F testing were large and numerous. Resistance to cracking was only marginally increased with this reinforcing 
filler at this loading. 

10 [0041] The components listed under Example 8 in Table 1 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*»F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
recorded In Table 2. 
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[0042] This example discloses the performance of a coating which contains a prefenred level of a reinforcing filler, 
but contains no curing agent. More and larger cracks were formed than were observed in coatings with cure catalyst in 
5 addition to filler, but fewer cracks were observed than in un-reinforced systems. 

[0043] The components listed under Example 9 in Table 3 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450''F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
recorded in Table 4. 

10 

Example 10 

[0044] This example discloses the performance of a coating which contains a preferred level of a reinforcing filter 
and a zinc alkylcarbosylate other than the neodecanoate. A few small cracks were observed on 600*'F testing. 
IS [0045] The conponents listed under Example 1 0 in Table 3 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*'F oven for 15 minutes and tested as in Comparative Exanrple 1 . Results are 
recorded In Table 4. 

20 Example 11 

[0046] This example discloses the performance of a coating which contains 40 parts of mica reinforcing filler and 
the optional catalyst zinc acetyiacetonate. No cracks were observed on either 500 or 600**F heat exposure. When this 
catalyst was used with other filler combinations, pinholes were observed (See Example 12). 
25 [0047] The components listed under Example 11 in Table 3 were compounded, chilled, chipped, ground and sieved 
through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*»F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
recorded in Table 4. 

30 Example 12 

[0048] This example illustrates the pinhole and bubble defects sometimes observed when the optional catalyst zinc 
acetyiacetonate is used as the cure catalyst. 

[0049] The components listed under Example 12 in Table 3 were conpounded. chilled, chipped, ground and sieved 
35 through a 200 mesh screen in the usual manner to prepare a coating powder. This powder was electrostatically sprayed 
onto the various substrates, cured in a 450*'F oven for 15 minutes and tested as in Comparative Example 1 . Results are 
recorded in Table 4. 



Tabled 



45 



60 



55 



Compositions^ in Parts 


Component 


Ex.9 


Ex.10 


Ex.11 


Ex 3 


Ex.5 


Ex.12 


Morkote S-101 


75 


75 


75 


75 


75 


75 


Silres 601 


25 


25 


25 


25 


25 


25 


Zinc Acac 






0.5 






0.5 


Zinc Stearate 




0.5 










Zinc 








0.5 


0.5 




neodecanoate 














C-3000 Mica 


40 


40 


40 


40 






Orleans 325 










25 


25 



(1) Each coating also contained Troy 48&-CFL, 2.0 phr; Benzoin. 0.8 phr. 
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Table 4 



Performance 




Property or Performance Measure 


Ex.9 


Ex.10 


Ex.11 


Ex.3 


Ex.5 


Ex.12 


Gel Time (sec) 


300+ 


300+ 


105 


243 


137 


91 


Impact Resistance (in-lb) 


<20 


<20 


60 


160 


20 


20 


Pencil Hardness 


B 


B 


F 


H 


F 


H 


eo^'Gloss (% Reflection) 


34 


56 


68 


57 


67 


64 


Color Change(Compared to Ex 1 . white.AE)'* 


4.5 


7.4 


5.6 


7.1 


0.6 


1.4 


16 h. 500*F Heat Age 














Crack Quantity (per square mm)^ 


none 


none 


none 


none 


none 


none 


Crack Length (mm) 














Darkening (AL)^ 




-1.4 




0.2 






16 h. eoO^F Heat Age 














Crack Quantity (per square mm)^ 


20 


10 


none 


none 


5 


none 


Crack Length (mm) 


.2-.5 


<0.2 


none 


none 


.02-.! 


rtone 


Darkening (AL)® 




-1.6 




-2.3 






Pinholes 


no 


no 


no 


no 


no 


yes 



Notes: 

(1) Measured on the CIELAB scale taking red-green, blue-yellow and tslack-white axis into account. 

(2) Cracks were evaluated using a light mtcroscope at SOX. 

(3) Measured on the CIELAB scale where black is 0 and white is 100. The unit AL incficates the difference in darkness 
between an untested glass slide and a heat-aged one. 



DISCUSSION OF THE EXAMPLES 

[0050] The Effect of Resin on Color Stability. Table 5 Translucent coatings for light-emitting devices shouW suffer 
little color change on prolonged heat exposure. Most of the coatings described herein, such as Ex. 3., were formulated 
to mawmize the silicone content of the binder. Comparative Example 2 is included to show the impact on color stability 
of including an organic curing agent. 



Tables 



The Effect of Silicone Content on Color Stability 


Test 


Ex.3 


C.Ex.,2 


Silicone Fraction in Binder 


97 


87 


Color Change on 16 h, 500**F Exposure (AL)^ 


0.2 


-3.6 


Color Change on 16 h, 600*'F Exposure (AL)** 


-2.3 


-6.8 



Notes: 

(1) Positive values indicate lightening. Negative values indicate dar1<en- 
Ing. 



[0051 1 "me Effect of Filler on Color An attribute of any ideal coating, and especially of translucent coatings and coat- 
ings for light-emitting devices, is that obligatory components be colorless. The binder and any necessary reinforcing fill- 
ers should not affect coating colors. In several exanrples, mica was used as the reinforcing filler. At any level employed 
it was found to darken and brown the coating. This darkening is measurable even in Example 1 . with 10 parts of mica. 
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and becomes more noticeable as the mica level is Increase through Examples 2 and 3 and Comparative Example 3. 
Note that a range of colors were measured at the mica level of 40, suggesting that the AE of 6.5 for Comparative Exam- 
ple 3 is within expected variation. 

[0052] Micas of many degrees of whiteness are of course available, but it can be advantageous to use fillers with 
5 less inherent tendency to add color, such as wollastonite and glass fiber. 
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IS 



20 



25 



Tabled 
The Effect of Filler on Color 



Component 

Nyad 325 
Orleans 325 
Wollastonite 
Orleans 1 Wollastonite 
C-3000 Mica 
Glass Fiber 
Color Difference 
relative to Unfilled 
Coinp. Ex. 4 (AE)* 



CE 
4 



Exl Ex2 



CE 
2 



Ex3 



Ex 
9 



Ex 
10 



CE 
3 



CE 
5 

25 



Ex 5 



Ex 
6 



Ex 
7 



Ex 
8 



25 



25 



10 



— 10 



25 



40 



40 40 40 60 — — 



2.8 4.3 5.5 7.1 7.4 4.5 6.5 1.4 0.6 1.4 0.9 



25 
0.6 



30 



35 



[0053] The Effect of Filler on Smoothness. Table 7 An important attribute of any coating, and especially of translu- 
cent coatings and coatings for light-emitting devices, is that the coating be smooth. A measure that can be used to char- 
acterize smoothness is gloss. Comparative example 4 shows the typical eo** gloss measure provided by a smooth, 
transparent coating over aluminum. 104. As mica is added through the series Ex. 1, 2. 3, and Comparative Example 
(CE) 3, smoothness decreases as reflected in the dropping gloss values of 86, 68. 57, and 19. This further illustrates 
the difficulties encountered when more than about 50 parts of filler are used. Comparative Exanriple 5 and Examples 5, 
6. and 8. show that wollastonites and glass fiber give similar loss of smoothness. 



Table 7 



45 



60 







The Effect of Filler on Smoothness as 


Seen in 60"* Gloss 








Component 


CE4 


Exi 


Ex 2 


Ex 3 


Ex 9 


ExIO 


CE3 


CE5 


Ex5 


Ex 6 


Ex7 


Ex8 


Nyad 325 
















25 










Orleans 325 
Wollastonite 


















25 








Orleans 1 Wol- 
lastonite 




















25 


10 




C-3000 Mica 




10 


25 


40 


40 


40 


60 












Glass Fiber 
























25 


60* Gloss 


104 


86 


68 


57 


34 


66 


19 


64 


67 


69 


85 


81 



55 [0054] Effects of Filler Level on Crack Resistance. (See Table 2) Even small amounts of reinforcing filler improve 
the resistance of these coatings to cracking when exposed to heat, as can be seen by comparison of the gross cracking 
of un-reinforced Comparative Example 4 with the much-reduced cracking of the 10 phr mica coating. Example 1 and 
the 10 phr Wollastonite coating, Example 7. As the filler level is raised, as in the mica series CE 4. Ex 1. 2, 3, CE 3, 
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cracking diminishes and disappears. This trend is repeated in the Wollastonite series CE 4, Ex. 7. 6. and in comparison 
of other wollastonite and glass examples, CE 5 and Ex. 5 and 8. to the unfilled CE 4. 

Note that for many applications such as incandescent light bulbs, surface temperatures can vary widely between 
5 about 75**C (167*F) and 400**C (752**F). A coating may be useful even though it exhibits minor cracking after 600**F 

testing. 

[0055] Effects of Wollastonite Aspect Ratio. Table 8 Comparative Example 5 and Examples 5 and 6 illustrate the 
effect of Wollastonite aspect ratio (the ratio of length to width or diameter). As the ratio is doubled from 5 : 1 to 10 : 1 in 
10 Comparative Example 5 and in Example 5, crack resistance increases dramatically. There appears to be an optimum 
aspect ratio or particle size, as crack resistance falls somewhat with the larger particles in Example 6. 



Tables 



IS 



20 



25 



The Effects of Aspect Ratio 




Comp. Ex. 5 


Ex.5 


Ex.6 


Reinforcing Filler 


Nyad 325 


Orleans 325 


Orleans 1 


Aspect Ratio 


5:1 


10:1 


20: 1 


16 h, 600^'F Heat Aging 








Crack Quantity (per square mm) 


20 


5 


25 


Crack Length (mm) 


1-10 


0.02-0.1 


0.2-0.5 



[0056] Effects of Curing Aoent. Table 9 Catalysts which promote cure improve the crack resistance of these coat- 
ings in several ways. For example, the tendency of films to crack on heat exposure is less for the catalyzed films Ex. 1 0, 
1 1 and 3 than uncatalyzed film Ex. 9. 
30 [0057] Although zinc acetylacetonate In Ex. 1 1 and zinc neodecanoate in Ex 3 both improve the crack resistance 
of coatings filled with 40 phr mica, and have generally good appearance, this is not the case in coatings filled with lower 
levels of wollastonite- Ex. 5, containing 25 phr wollastonite and cured with zinc neodecanoate has a generally smooth 
appearance, while Ex. 12, cured with zinc acetylacetonate, exhibits large numbers of pinhole defects. 



35 



Table 9 





Effects of Cure Catalysts on Performance and Appearance 






Ex.9 


Ex.10 


Ex.11 


Ex.3 


Ex.5 


Ex.12 


40 


Filler Type 


C-3000 Mica 


C-3000 Mica 


C-3000 Mica 


C-3000 Mica 


Orlear^ 325 

Wollastonite 


Orleans 325 
Wollastonite 




Filler Quantity 


40 


40 


40 


40 


25 


25 




Curing Agent 


none 


zinc stearate 


zinc acac 


zinc neodec 


zinc neodec. 


zinc acac 


45 


16 h, eoo^F 
Heat Age 














60 


Crack Quantity 
(per square 
mm)2 


20 


10 


rx^ne 


none . 


5 


none 




Crack Length 
(mm) 


.2-.5 


<0.2 


none 


none 


.02-. 1 


none 




Pinholes 


no 


no 


no 


no 


no 


yes 
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Coated Uoht-Emittina Devices 
Example 13 

[0058] The following components were combined in a plastic bag, shal^n for thirty seconds to make a raw mix. 



Component 


Parts 


MorkoteS-101 


75 


Silres 601 


25 


Zinc Acetylacetonate 


0.5 


Troy 486 CFL 


2.0 


Benzoin 


0-8 


Orleans 325 


35 


Heliogen Blue Pigment (BASF Corp.) 


4.0 



[0059] The raw mix was extruded and cooled between chilled rollers to form chips. To these chips was added 0.2 
wt. % aluminum oxide dry flow additive (Charles Wagner Co. Philadelphia). The chips were ground to a powder and 
sieved through a 200 mesh screen to form a coating powder. 

[0060] Using this powder, PAR-type 85 watt flood lights manufactured by General Electric were coated as follows: 

(1) Clean bulbs by wiping with methylethylketone. 

(2) Preheat at 400**F for 3 minutes. 

(3) Coat by electrostatic spray in a grounding jig to a coating thickness of 0.8 to 1 .0 mils. 

(4) Cure 15 minutes at 450*'F. 

(5) Remove bulb from the oven and allow to air cool. 

Claims 

1. A coating powder composition for providing a translucent coat'ng to a substrate, said coating powder composition 
comprising, 

a binder resin system, from 90 to 100 wt% of said binder resin system comprising silicone resin, the balance 
being silicone aoss-linWng agents and/or silicone-compatible additives, 

from 10 to 50 parts per hundred resin (phr) by weight of filler selected from mica, needle-like calcium metasil- 
icate, rod-like glass particles, and mixtures thereof, said filler having aspect ratios between 8 and 40, and 
up to 3 wt% of a silicone cure catalyst. 

2. A composition according to claim 1 wherein said filler is present from 20 to 40 phr by weight preferably 25 to 35 phr. 

3. A composition according to claim 1 or daim 2 wherein said silicone cure catalyst is present in an amount of 0.05 to 
3wt%. 

4. A composition according to any preceding claim wherein said silicone cure catalyst is a zinc dialkylcartx)xylate. 

5. A composition according to claim 4 wherein the dialkylcartx)xylate moieties of said zinc dialkylcarboxylate are 
branched at the carbon a to the carboxylate group. 

6. A composition according to daim 4 or daim 5 wherein said zinc dialkylcarboxylate is zinc neodeconate. 

7. A composition according to any preceding claim wherein said silicone resin comprises at least 95 wt% of said 
binder system. 
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8. A coating powder composition comprising, 

a binder resin system, from 90 to 100 wt% of said binder resin system comprising silicone resin, the t^alance 
being silicone aoss-linking agents and/or silicone-compatible additives, and 
5 from 0.05 to 3 wt% of a silicone cure catalyst wtiich is a zinc dialkylcarboxytate. 

9. A composition according to daim 8 wherein the dialkylcaitoxylate moieties of said zinc dialkylcarboxylate are 
branched at the carbon a to the carboxylate group. 

10 10. A composition according to daim 8 or daim 9 wherein said zinc dialkyicartxjxylate is zinc neodeconate. 

11 . A light emitting device having a coating formed from a coating powder of a composition as claimed in any preceding 

claim. 

16 12. A device according to daim 1 1 wherein said coating, at a thickness of 25 jim (1 mil), provides light transmittance of 
at least 50%, preferably at least 80%. 
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